US009216453B2

a2z United States Patent (10) Patent No.: US 9,216,453 B2
Hann et al. (45) Date of Patent: Dec. 22, 2015
(54) METHODS OF FORMING DUAL 5,312,497 A *  5/1994 Mathey .....cccooocrvvrrrinnen 148/675
5,413,752 A 5/1995 Kissinger et al.
MICROSTRUCTURE COMPONENTS 5527402 A /1996 Ganosh et al.
5,529,643 A 6/1996 Y« t al.
(75) Inventors: Brian Hann, Avondal.e, AZ (US); Derek 5.649.280 A 7/1997 B?:r?anship et al.
Anthony Rice, Phoenix, AZ (US); 5,693,159 A 12/1997 Athey et al.
Daniel Greving, Scottsdale, AZ (US) (Continued)
INC., Morris Plains, NJ (US)
EP 1195446 Al 4/2002
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 OTHER PUBLICATIONS
U.S.C. 154(b) by 589 days. D.A. DeAntonio, D. Duhl, T. Howson, and M.F. Rothman, Heat
) Treating of Superalloys, Heat Treating, vol. 4, ASM Handbook, ASM
(21)  Appl. No.: 12/622,694 International, 1991, p. 793-814 (as excerpted from ASM Handbooks
H 3k
(22) Filed:  Nov. 20,2009 Online). ,
(Continued)
(65) Prior Publication Data
US 2011/0123385A1  May 26, 2011 Primary Examiner — Jessee Roe
Assistant Examiner — Christopher Kessler
(51) Int.CL (74) Attorney, Agent, or Firm — Ingrassia Fisher & Lorenz,
B22F 3/15 (2006.01) PC.
B22F 3/24 (2006.01)
C22C 19/05 (2006.01) 7 ABSTRACT
B22F 5/00 (2006.01) Methods of forming dual microstructure components include
(52) US.CL consolidating a powder material comprising an alloy to form
CPC ..o B22F 3/24 (2013.01); C22C 19/056 a billet, the billet having a first grain structure, inductively
(2013.01); B22F 5/003 (2013.01); B22F heating the billet at an inductive heat treat temperature above
2998/10 (2013.01); FO5D 2220/31 (2013.01) a gamma prime solvus temperature of the alloy and subjecting
(58) Field of Classification Search the billet to a subsolvus heat treat temperature that is below
CPC ittt B22F 3/24 the gamma prime solvus temperature of the alloy, waiting a
USPC et 419/28 period of time for the first grain structure in an outer portion
See application file for complete search history. of the billet to transform into a second grain structure that is
coarser than the first grain structure, after the steps of induc-
(56) References Cited tively heating and subjecting the billet to the subsolvus heat
treat temperature. The methods also include dividing the bil-
U.S. PATENT DOCUMENTS let into at least two sections, and machining a final shape into
4.820356 A 4/1989 Blackburn ef al one or more of the at least two sections to form the dual
4,957,567 A 9/1990 Krueger et al. microstructure component.

5,080,734 A
5,269,857 A

1/1992 Krueger et al.
12/1993 Ganesh et al.

500

16 Claims, 3 Drawing Sheets

CONSOLIDATE POWDER
MATERIAL TO FORM BILLET

| -502

INDUCTIVELY HEAT
BILLET ABOVE
GAMMA PRIME SOLVUS

| ~504

DIVIDE BILLET INTO
TWO OR MORE SECTIONS

506

SUBJECT SECTION(S) TO
SUBSOLVUS TEMPERATURE
BELOW GAMMA PRIVE SOLVUS

| -508

SUBJECT BILLET TO
POST-FORMATION
PROCESSING

|- 510




US 9,216,453 B2
Page 2

(56)

5,759,305
6,478,896
6,551,372
6,565,683
6,660,110
6,866,727
6,969,431
6,974,508
7,537,725

References Cited

U.S. PATENT DOCUMENTS

A

B2

6/1998
11/2002
4/2003
5/2003
12/2003
3/2005
11/2005
12/2005
5/2009

Benz et al.
Ganesh et al.
Ewing et al. ...
Utyashev et al.
Gayda et al.
Hieber et al.
Hieber et al.
Gabbetal. ......c.cccuene 148/428
Groh et al.

75/246

2005/0081968 Al 4/2005 Groh et al.
2009/0071580 Al 3/2009 Mitchell et al.

OTHER PUBLICATIONS

EP Examination Report for Application No. 10186768.7 dated Sep.
3,2014.

EP Search Report for Application No. 10186768.7 dated Aug. 18,
2014.

EP Examination Report for Application No. 10186768.7 dated Mar.
13, 2015.

* cited by examiner



U.S. Patent Dec. 22, 2015 Sheet 1 of 3 US 9,216,453 B2

100

104
)%

FIG. 1



US 9,216,453 B2

Sheet 2 of 3

Dec. 22, 2015

U.S. Patent

@ old

0% ]

SNATOS A
YINYD MOT38 FUNLYYIdAIL
SNAT0SENS OL L3118 Lo3rdns

20% ]

SNATOS FNIkd YWIWYD FA08Y
L3118 LYH ATIAILONANI

< 9ld

902~

ONISS3O04d NOILYINYOS
-150d OL 137118 L23rans

SNAT0S FAIdd

YYD MOT38 JUNLYEIdAAL SNAT0SENS

YOZ-1 01 131119 103dnS QNY SNATOS JWidd

YINIAYD JA08Y L3718 LY3H ATIAILONANI

202

L3118 W04 OL WIdALYI
430MOd 3L¥aIOSNOD

00¢




US 9,216,453 B2

Sheet 3 of 3

Dec. 22, 2015

U.S. Patent

G ol

olg |

ONISSF004
NOILYI¥04-LS0d
OL 131118 L33rdns

306G

SNATOS FAIMd YWWYD MO138

FANLYYIAEL SNATOSENS
0L (SINOILO3S LoFrans

290G

SNOILJS FHOW 40 OML
OINI 137118 3dINd

0G|

SNATOS NIk YYD
JA08Y L3118
LV3H ATIALLONANI

205

L3118 W04 OL WIdALYI
430MOd 3L¥aIOSNOD

00%

¥ oOld

YOb ]

SNATOS FNIdd YYD 3A08Y
L3118 LYH ATIAILONANI

20V ]

SNATOS A
YINYD MOT38 FUNLYYIdAIL
SNAT0SENS OL L3118 Lo3rdns

0/0;%




US 9,216,453 B2

1
METHODS OF FORMING DUAL
MICROSTRUCTURE COMPONENTS

TECHNICAL FIELD

The inventive subject matter generally relates to dual
microstructure components, and more particularly relates to
methods of forming dual microstructure components.

BACKGROUND

During operation of a gas turbine engine, a turbine wheel
typically rotates at high speeds in a high temperature envi-
ronment. The turbine wheel includes a disk that supports a
plurality of turbine blades. In many cases, a hub portion of the
disk is exposed to temperatures of about 535° C., while a rim
portion of the disk is exposed to higher temperatures, such as
about 815° C. or higher. Because of these differences in
operating conditions, hubs have been configured to have the
qualities of high tensile strength and high resistance to low
cycle fatigue, while rims have been configured to have the
qualities of high stress rupture and creep resistance. Such
hubs fall into the category of dual microstructure compo-
nents.

Several techniques currently exist for constructing turbine
wheel hubs having such dual properties. One technique
includes forming a disk preform having a hub and a rim
formed of alloys having different properties. For example, the
hub may comprise a first alloy capable of exhibiting a first set
of properties, while the rim may comprise a second alloy
capable of exhibiting a second set of properties. In this case,
the two alloys may be joined by a diffusion heat treatment,
extrusion or another manner. In another example, the disk
preform may initially have a first grain structure, and special-
ized equipment may heat an outer periphery of the disk pre-
form to obtain a second grain microstructure. Although the
aforementioned processing techniques yield high quality
disks, only one disk may be produced at a time from each
preform. Additionally, the techniques may not be suitable for
forming parts meeting a particular quality standard or for
producing relatively smaller-diameter components, such as
disks for auxiliary power units.

Accordingly, it is desirable to have an improved method for
forming a dual microstructure component. In addition, it is
desirable for the improved method to be relatively inexpen-
sive and simple to perform. Moreover, it is desirable for the
improved method to be capable of producing dual microstruc-
ture components that may be used in relatively smaller-diam-
eter components, such as auxiliary power units. Furthermore,
other desirable features and characteristics of the inventive
subject matter will become apparent from the subsequent
detailed description of the inventive subject matter and the
appended claims, taken in conjunction with the accompany-
ing drawings and this background of the inventive subject
matter.

BRIEF SUMMARY

Methods of forming dual microstructure components are
provided.

In an embodiment, by way of example only, a method
includes consolidating a powder material comprising an alloy
to form a billet, the billet having a first grain structure, induc-
tively heating the billet at an inductive heat treat temperature
above a gamma prime solvus temperature of the alloy and
subjecting the billet to a subsolvus heat treat temperature that
is below the gamma prime solvus temperature of the alloy,
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2

waiting a period of time for the first grain structure in an outer
portion of the billet to transform into a second grain structure
that is coarser than the first grain structure, after the steps of
inductively heating and subjecting the billet to the subsolvus
heat treat temperature, dividing the billet into at least two
sections, and machining a final shape into one or more of the
at least two sections to form the dual microstructure compo-
nent.

In another embodiment, by way of example only, a method
includes consolidating a powder material comprising an alloy
to form a billet, the billet having a first grain structure, induc-
tively heating the billet at an inductive heat treat temperature
above a gamma prime solvus temperature of the alloy, waiting
aperiod of time for the first grain structure in an outer portion
of the billet to transform into a second grain structure that is
coarser than the first grain structure, dividing the billet into at
least two sections, subjecting one or more of the at least two
sections to a subsolvus heat treat temperature that is below the
gamma prime solvus temperature of the alloy, and machining
a final shape into the one or more of the at least two sections
for form the dual microstructure component.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive subject matter will hereinafter be described
in conjunction with the following drawing figures, wherein
like numerals denote like elements, and

FIG. 1is asimplified schematic of a turbine disk, according
to an embodiment;

FIG. 2 is a flow diagram of a method of forming a dual
microstructure component, according to an embodiment;

FIG. 3 is a flow diagram of an inductive heat treatment step
of the method of forming a dual microstructure component
depicted in FIG. 2, according to an embodiment;

FIG. 4 is a flow diagram of an inductive heat treatment step
of the method of forming a dual microstructure component
depicted in FIG. 2, according to another embodiment; and

FIG. 5 is a flow diagram of a method of forming a dual
microstructure component, according to still another embodi-
ment.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the inventive subject matter
or the application and uses of the inventive subject matter.
Furthermore, there is no intention to be bound by any theory
presented in the preceding background or the following
detailed description.

Generally, the inventive subject matter relates to a method
of forming a dual microstructure component by forming a
billet comprising an alloy and having a first grain structure.
The billet then may be inductively heated at an inductive heat
treat temperature above a gamma prime solvus temperature of
the alloy. The billet also may be subjected to a subsolvus heat
treat temperature that is below the gamma prime solvus tem-
perature of the alloy. After the inductive heat treatment, the
method including waiting a period of time for the first grain
structure in an outer diameter portion ofthe billet to transform
into a second grain structure that is coarser than the first grain
structure. The billet may be divided into at least two sections,
and a final shape is machined into one or more of the at least
two sections to form the dual microstructure component.

The method may be employed to form a variety of compo-
nents in which dual microstructures may be desired. One
example of a component in which a dual microstructure may
be desired is a turbine disk. FIG. 1 is a simplified schematic of
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a turbine disk 100, according to an embodiment. The turbine
disk 100 includes a hub 102 and a rim 104, each having
different material properties. In this regard, the hub 102 and
the rim 104 may have different microstructures. In an
embodiment, the hub 102 may have a first grain structure, and
the rim 104 may have a second grain structure that is different
from the first grain structure. For example, the hub 102 may
be configured to have the properties of high tensile strength
and high resistance to low cycle fatigue. According to an
embodiment, the first microstructure may be a fine-grained
microstructure. The fine-grained microstructure may com-
prise grains with an average size between about 5 microns and
about 10 microns in size. According to an embodiment, the
rim 104 may be configured to have the properties of high
stress rupture and creep resistance. In an embodiment, the
second microstructure may comprise a coarse-grained micro-
structure. The coarse-grained microstructure has grains that
are larger than those of the fine-grained microstructure. For
example, the coarse-grained microstructure may have grains
with an average size between about 15 microns and about 30
microns in size. In other embodiments, the grain sizes of the
fine-grained microstructure and/or the coarse-grained micro-
structure may be larger or smaller than the aforementioned
ranges.

FIG. 2 is a flow diagram of a method of forming a dual
microstructure component, such as the turbine disk 100, aux-
iliary power units or other components, according to an
embodiment. In an embodiment, powder material comprising
an alloy is consolidated to form a billet, step 202. According
to an embodiment, the powder material may comprise a
nickel base superalloy. Suitable examples include, but are not
limited to Alloy 10, Astroloy, and Alloy 720. To prepare the
powder material, a selected alloy may be atomized into
spherical particles by inert gas atomization, in an embodi-
ment. For example, a high pressure, high velocity stream of
inert gas may be directed at a molten form of the selected
alloy. Examples of inert gases that are typically employed
include, but are not limited to, argon, helium, and nitrogen.
According to another embodiment, other inert gases may be
employed. As the molten alloy cools, particles are formed to
yield the powder material. The powder material may have
average particle diameters in a range of about 5 microns to
about 53 microns, in an embodiment. In other embodiments,
the particle diameters may be larger or smaller than the afore-
mentioned range. In still other embodiments, the powder
material may be formed by employing other particle forma-
tion processes.

After the powder material is formed, it may be subjected to
additional processes for removal of unwanted elements. For
example, the powder material may be sealed within a con-
tainer, a reactant gas may be introduced into the container,
and the container may be outgassed to thereby remove at least
aportion of the unwanted elements. The powder material may
also be screened (i.e., passed through a screen) to remove
particles having diameters that are larger than desired.

Next, the powder material may be consolidated to form a
billet having a first grain structure. According to an embodi-
ment, a particular process for consolidating the powder mate-
rial may be selected based on a desired grain size for the first
grain structure. For example, the powder material may be
consolidated by ahot isostatic pressing (HIP) process. In such
case, the billet may be formed to include grains having an
average size in a range of about 9 to about 13 (as determined
in accordance with ASTM E112), in an embodiment. In other
embodiments, the grain sizes may be about ASTM 10.0 in
size. In accordance with an embodiment, to perform a HIP
process for consolidating the powder material, a desired
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quantity of the powder material may be placed into a hermeti-
cally sealed HIP container. The HIP container may comprise
a mild steel or stainless steel or another type of container
capable of serving as a high pressure containment vessel. In
any case, the HIP container may be configured to have an
inner surface that corresponds to a desired outer surface shape
of the billet. For example, the inner surface may define a
cylindrical volume to thereby form a cylindrical solid after
the HIP process. In other embodiments, the inner surface may
define a cubical, spherical, solid rectangular or a different
shaped solid. In any case, the dimensions defined by the inner
surface of HIP container are larger than the dimensions of a
desired outer surface of the dual microstructure component.
In an embodiment, the inner dimensions of the HIP container
may be in a range of about 5 cm to about 50 cm. In other
embodiments, the inner dimensions may be larger or smaller.

The powder material may be exposed to an elevated tem-
perature and pressure, while an inert gas, such as argon,
helium or nitrogen, is introduced into the HIP vessel. In an
embodiment, the elevated temperature may be in a range of
about 1090° C. and about 1150° C., and the elevated pressure
may be in a range of about 14000 psi and about 15000 psi. In
other embodiments, the temperature and pressure used in the
HIP process may be less than or greater than the aforemen-
tioned ranges, as long the operating parameters are sufficient
for reducing the density of the powder material to form a solid
billet.

In some cases, the HIP process may be sufficient to produce
a solid billet having grains of a desired size. In other embodi-
ments, finer grains may be preferred. For example, grains
having an average size in a range of about 13 to about 15 (as
determined in accordance with ASTM E112), or having a size
of about ASTM 14.0 may be preferred. In such cases, the HIP
process may form a densified substrate, which may be sub-
jected to an additional process to further reduce the sizes of
the grains in the densified substrate and form the billet having
a desired first grain structure. In an embodiment, the densified
substrate may be extruded. For example, in accordance with
an embodiment, the densified substrate may be forced
through a suitably-dimensioned opening of an extrusion die.
The opening may be configured to define a shape that corre-
sponds to a desired cross sectional shape of the billet. For
example, the surface shape of the opening may define a circle
to thereby form a solid cylindrical billet after extrusion. In
other embodiments, the surface shape of the opening may
define a square, rectangle or another shape. According to an
embodiment, the densified substrate may be hot extruded and,
hence, may be heated prior to being forced through the extru-
sion die. Hot extrusion may be desired when subsequent
forging processes are employed or a more pronounced difter-
ence in microstructure is desired.

In another embodiment, the powder material may be not be
subjected to the HIP process, and alternatively may be con-
solidated only by extrusion to form the billet. Such an
embodiment may be employed when subsequent forging pro-
cesses are employed or a more pronounced difference in
microstructure is desired.

According to an embodiment, the billet may be inductively
heated at an inductive heat treat temperature above a gamma
prime solvus temperature of the alloy and subjected to a
subsolvus heat treat temperature that is below the gamma
prime solvus temperature of the alloy, step 204. For example,
the billet may be placed in an induction heating apparatus,
which may include a coil coupled to a power supply. The
induction coil may have an inner diameter that is greater than
outer dimensions of the billet. When alternating current is
supplied to the induction coil, a magnetic field is produced. As
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the billet passes through the induction coil, the magnetic field
induces eddy currents in the billet.

As noted briefly above, the inductive heat treatment is
performed above the gamma prime solvus temperature of the
alloy. The inductive heat treatment may be performed to
transform an outer portion of the billet from the first grain
structure to a second grain structure, where an “outer portion”
means a portion that is relatively closeto or coincides with the
outer surface of the billet. In an embodiment, prior to the heat
treatment, the first grain structure may comprise grains hav-
ing a first average grain size, and the inductive heat treatment
may cause increase grain size so that the second grain struc-
ture may comprise grains having a second average grain size.
In any case, the term “gamma prime solvus temperature” as
used herein may be defined as a temperature at which gamma
prime precipitates are effectively re-solutioned and signifi-
cant grain growth occurs due to a lack of effective grain
boundary pinning. In accordance with an embodiment, the
inductive heat treatment may occur at a temperature that is
about 15° C. above the gamma prime solvus temperature of
the alloy. In another embodiment, the inductive heat treat-
ment may occur at a temperature in arange of about 5 to about
50° C. greater than the gamma prime solvus temperature. In
still another embodiment, the inductive heat treatment may
occur at a temperature that is higher or lower than the afore-
mentioned ranges. In an embodiment, the billet is subjected to
the inductive heat treatment for a predetermined period of
time. For example, a particular axial location of the billet may
be inductively heat treated for a time period in a range of
about 1 minute to about 10 minutes. In other embodiments,
inductive heat treatment may be longer or shorter than the
aforementioned time period and may be particularly selected
based on a desired grain size, particular dimensions of the
billet, and/or particular dimensions of the induction coil. For
example, a deeper region of larger grains may be formed
when the billet is subjected to induction heat treatment for
longer time periods. After the billet is inductively heat treated,
the first grain structure in an outer portion of the billet is
transformed into a second grain structure that is coarser than
the first grain structure.

To achieve the required mechanical properties in the bore
region, the billet is subjected to a subsolvus heat treat tem-
perature. As used herein, the term “subsolvus heat treat tem-
perature” may be defined as a temperature that is below the
gamma prime solvus temperature. Accordingly, a particular
subsolvus heat treat temperature may depend on the specific
composition of the selected powder material. In an embodi-
ment, the billet may be subjected to a subsolvus heat treat
temperature that is about 30° C. below the gamma prime
solvus temperature of the alloy. In another embodiment, the
billet may be subjected to a subsolvus heat treat temperature
that is in a range of about 3.5° C. to about 25° C. lower than
the gamma prime solvus temperature. In still another embodi-
ment, the billet may be subjected to a subsolvus heat treat
temperature that is higher or lower than the aforementioned
ranges. In an embodiment, the billet is subjected to the sub-
solvus heat treat temperature for a predetermined period of
time. For example, the subsolvus heat treatment may occur
for a time period in a range of about 30 minutes to about 240
minutes. In other embodiments, subsolvus heat treatment
may be longer or shorter than the aforementioned time period
depending on particular dimensions of the billet.

The billet may be quenched after exposure to the subsolvus
heat treat temperature. Quenching may be employed in order
to prevent further grain growth or to prevent precipitation of
deleterious phases or undesirable gamma prime precipitate
size, distribution, or morphology. In an embodiment, quench-
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ing may be performed by cooling the billet to about 870° C.
within a time period in a range of about 2 minutes to about 2
hours. To quench the billet, the billet is subjected to a cooling
fluid such as still air, forced air, inert gas, water, oil, or molten
salt.

Exposure to the inductive heat treatment and the subsolvus
heat treatment may be interchanged, depending on desired
rim or bore mechanical properties. FIG. 3 is a flow diagram
300 of step 204 of method 200, according to an embodiment.
After the billet is consolidated (e.g., by both a HIP process
and extrusion, formed only by the HIP process or formed only
by extrusion), the billet may be subjected to induction heat-
ing, step 302, which may be performed in a manner similar to
that described in step 204. As noted above, induction heating
may occur in a HIP container or extrusion apparatus, in an
embodiment. In other embodiments, the billet may be
removed from the HIP container or extrusion apparatus, and
induction heating may be performed in a different location. In
any case, induction heating causes grains in an outer portion
of the billet to grow in size so that the billet has a dual
microstructure. According to an embodiment, the billet may
be exposed to the subsolvus heat treat temperature, step 304,
to thereby improve the tensile property of the billet. Step 304
may be performed in a manner similar to that described above
in step 204.

FIG. 4 is a flow diagram 400 of step 204 of method 200,
according to another embodiment. Here, the billet may be
subjected to the subsolvus heat treat temperature before
induction heating. Such an embodiment may be desirable
when rim properties are performance-limiting. In an embodi-
ment of step 204, after the billet has been consolidated (e.g.,
by both a HIP process and extrusion, formed only by the HIP
process or formed only by extrusion), the billet may be sub-
jected to the subsolvus heat treat temperature, step 402.
According to an embodiment, the billet may be exposed to the
subsolvus heat treat temperature to thereby improve the ten-
sile property of the billet. Step 402 may be performed in a
manner similar to that described above in step 204. In accor-
dance with an embodiment, step 402 may occur in the con-
tainer within which consolidation occurred. In such case, the
billet may be removed from the container after step 402. Next,
the billet may be inductively heated, step 404, which may be
performed in a manner similar to that described in step 204.
After the billet is treated, the billet includes a first grain
structure in its inner portion and a second grain structure in an
outer portion.

Returning again to FIG. 2, regardless of whether inductive
heating or exposure to subsolvus temperature occurs first,
after the billet is treated to impart the first and second grain
structures thereto, the billet is subjected to post-formation
processing, step 206. In an embodiment, a post-formation
process may include allowing the billet to age in order to
achieve a desired precipitate size, distribution, and morphol-
ogy. For example, the billet may be exposed to temperatures
above 704° C. for about 20 hours. In accordance with another
embodiment, the billet may be divided into at least two sec-
tions. In an embodiment the billet may be divided after aging.
In another embodiment the billet may be divided without
aging or aging may be performed after the billet is divided.
According to an embodiment, the billet is sliced into the at
least two sections by employing conventional parting meth-
ods, including band saw cutting, abrasive cutting, waterjet, or
EDM. The total number of sections may depend on a total
axial length of the billet. For example, a billet having an axial
length in a range of about 1 meter to about 3 meters may be
separated into 10 sections. Each section may be used to form
a single component, in an embodiment. In still other embodi-



US 9,216,453 B2

7

ments, each section may be employed to form more than one
component. In some embodiments, one or more of the sec-
tions may be machined into a final shape to form the dual
microstructure component. For example, the each section
may be employed to form a single turbine disk. In other
embodiments, each section may be employed to form a single
compressor blisk.

FIG. 5 is a flow diagram of a method 500 of forming a dual
microstructure component, according to another embodi-
ment. Here, powder material comprising an alloy is consoli-
dated to form a billet, step 502. The powder material and
consolidation may occur in a manner similar to that described
above for step 202. In any case, the billet is formed such that
it includes a first microstructure. Next, the billet may be
inductively heated, step 504. In an embodiment, inductively
heating the billet results in a transformation of the first micro-
structure at an outer portion of the billet to a second micro-
structure. For example, the second microstructure may
include grains that are coarser than grains of the first micro-
structure.

Subsequently, the billet may be divided into two or more
sections, step 506. In an embodiment, step 506 may be per-
formed in a manner similar to that described in step 206. One
or more of the sections are subjected to a sub-solvus heat treat
temperature, step 508, which may include processes similar
to those described in step 204. Each section may be subjected
to post formation processing, step 510. For example, the post
formation processing may include aging and machining the
billet into a final shape to form the dual microstructure com-
ponent, as described above for step 206.

The dual microstructure component formed by the pro-
cesses described above may have improved properties over
those formed by conventional processes. For example,
because the dual microstructure component is consolidated
from a single powder material, rather than multiple materials,
the dual microstructure component does not include bond
joints, to which additional process steps may be performed.
Additionally, by initially forming a billet, inductively heating
the billet, and subsequently dividing the billet into two or
more sections, more than one dual microstructure component
may be formed at a time. Accordingly, the above-described
method may be more time- and cost-efficient than conven-
tional dual microstructure formation processes. Moreover,
because the above-described method omits isothermal forg-
ing of the billet, which may be included in conventional
processes, the above-described method may be employed to
form components, such as disks, having relatively small outer
dimensions. For example, turbine disks for auxiliary power
units, unmanned or manned propulsion engines or power
generation may be formed using the above-described meth-
ods.

While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description of the inventive
subject matter, it should be appreciated that a vast number of
variations exist. It should also be appreciated that the exem-
plary embodiment or exemplary embodiments are only
examples, and are not intended to limit the scope, applicabil-
ity, or configuration of the inventive subject matter in any
way. Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for imple-
menting an exemplary embodiment of the inventive subject
matter. [t being understood that various changes may be made
in the function and arrangement of elements described in an
exemplary embodiment without departing from the scope of
the inventive subject matter as set forth in the appended
claims.
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What is claimed is:
1. A method of forming a dual microstructure component,
the method comprising the steps of:
consolidating a powder material comprising an alloy via
HIP processing and/or extrusion to form a solid, cylin-
drical billet having an axial length from about 1 meter to
about 3 meters, the billet having a first grain structure;

inductively heating the solid, cylindrical billet at an induc-
tive heat treat temperature above a gamma prime solvus
temperature of the alloy and subjecting the solid, cylin-
drical billet to a subsolvus heat treat temperature that is
below the gamma prime solvus temperature of the alloy
in a range of about 3.5° C. to about 25° C. lower than the
gamma prime solvus temperature of the alloy;

waiting a period of time for the first grain structure in an

outer portion of the solid, cylindrical billet to transform
into a second grain structure that is coarser than the first
grain structure, after the steps of inductively heating and
subjecting the solid, cylindrical billet to the subsolvus
heat treat temperature;

slicing the solid, cylindrical billet into at least ten sections

subsequent to the steps of inductively heating the billet
and waiting a period of time; and

machining a final shape into one or more of the at least ten

sections to form the dual microstructure component,
wherein the step of machining comprises forming a bore
hole in the ten or more sections to form a turbine disk
shape, and

wherein the method omits isothermal forging of the at least

ten sections.

2. The method of claim 1, wherein:

the step of consolidating includes subjecting the powder

material to a hot isostatic press process to form a densi-
fied substrate.

3. The method of claim 2, wherein:

the step of consolidating further comprises extruding the

densified substrate to impart the first grain structure into
the billet.

4. The method of claim 3, wherein the cylindrical, solid
billet is formed so as to have a relatively small diameter
suitable for processing into turbine disks for use in an auxil-
iary power unit (APU).

5. The method of claim 4, wherein the cylindrical, solid
billet is formed in a HIP container the has inner dimensions
between about 5 cm and about 50 cm.

6. The method of claim 2, wherein inductively heating the
billet is performed after subjecting the billet to a subsolvus
heat treat temperature.

7. The method of claim 2, wherein inductively heating the
billet is performed before subjecting the billet to a subsolvus
heat treat temperature.

8. The method of claim 1, wherein:

the step of consolidating includes extruding the powder

material to form the billet.

9. The method of claim 8, wherein inductively heating the
billet is performed after subjecting the billet to a subsolvus
heat treat temperature.

10. The method of claim 8, wherein inductively heating the
billet is performed before subjecting the billet to a subsolvus
heat treat temperature.

11. The method of claim 1, further comprising the step of
aging the billet, after the step of inductively heating.

12. The method of claim 1, wherein the step of inductively
heating comprises passing the billet through an inductive coil,
while supplying the inductive coil with current.
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13. The method of claim 1, wherein each axial location on
the billet is subjected to the step of inductively heating for a
time period in a range of about 1 minute to about 10 minutes.
14. The method of claim 1, wherein the final shape com-
prises turbine disk.
15. A method of forming a dual microstructure component,
the method comprising the steps of:
consolidating a powder material comprising an alloy via
HIP processing and/or extrusion to form a solid, cylin-
drical billet having an axial length from about 1 meter to
about 3 meters, the billet having a first grain structure;

inductively heating the solid, cylindrical billet at an induc-
tive heat treat temperature above a gamma prime solvus
temperature of the alloy and subjecting the solid, cylin-
drical billet to a subsolvus heat treat temperature that is
below the gamma prime solvus temperature of the alloy
in a range of about 3.5° C. to about 25° C. lower than the
gamma prime solvus temperature of the alloy;

waiting a period of time for the first grain structure in an

outer portion of the solid, cylindrical billet to transform
into a second grain structure that is coarser than the first
grain structure, after the steps of inductively heating and
subjecting the solid, cylindrical billet to the subsolvus
heat treat temperature;

slicing the solid, cylindrical billet into at least ten sections

subsequent to the steps of inductively heating the billet
and waiting a period of time; and

machining a final shape into one or more of the at least ten

sections to form the dual microstructure component,
wherein the step of machining comprises forming a tur-
bine disk shape, and
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wherein the method omits isothermal forging of the at least
ten sections.

16. A method of forming a dual microstructure component,

the method comprising the steps of:

consolidating a powder material comprising an alloy via
HIP processing and/or extrusion to form a solid, cylin-
drical billet, the billet having a first grain structure;

inductively heating the solid, cylindrical billet at an induc-
tive heat treat temperature above a gamma prime solvus
temperature of the alloy and subjecting the solid, cylin-
drical billet to a subsolvus heat treat temperature that is
below the gamma prime solvus temperature of the alloy
in a range lower than the gamma prime solvus tempera-
ture of the alloy;

waiting a period of time for the first grain structure in an
outer portion of the solid, cylindrical billet to transform
into a second grain structure that is coarser than the first
grain structure, after the steps of inductively heating and
subjecting the solid, cylindrical billet to the subsolvus
heat treat temperature;

slicing the solid, cylindrical billet into at least two sections
subsequent to the steps of inductively heating the billet
and waiting a period of time; and

machining a final shape into one or more of the at least two
sections to form the dual microstructure component,
wherein the step of machining comprises forming a tur-
bine disk shape that includes a bore hole, and

wherein the method omits isothermal forging of the at least
two sections.



